INTRODUCTION
============

The incidence of traumatic brain stem injury (TBSI) varied 8.8% to 52%[@B9],[@B13] and TBSI might induce a serious impact on brain tissue as a form of diffuse axonal injury (DAI). Poor prognosis was a common feature following severe traumatic brain injury, and furthermore, it was more common in those with TBSI. However, TBSI is no more considered as powerful indicator to predict bad outcome. Many clinical case reports were publicized to elucidate the causal relationship between TBSI and outcome by means of radiologic findings and anatomical studies, and now some aspects of its pathomechanism could be revealed. Therefore, we conducted this study to reappraise the correlationship among clinical variables, such as impact site on scalp and radiologic finding on Glasgow Coma Score (GCS) and Glasgow Outcome Score (GOS).

MATERIALS AND METHODS
=====================

Clinical data collection and selection
--------------------------------------

The data were retrospectively collected from the clinical records of 136 TBSI cases among consecutive 2695 head-injured patients who had admitted from January 2004 to December 2008. In case of outpatient and the rest of patients, follow-up records were reviewed and telephone interviews were used. The exclusion criteria for data selection in this study were episode of shock state, history of alcohol intoxication, episode of blood dyscrasia, and previous history of head injury.

The correlation was analyzed among seven clinical variables (age, gender, mode of injury, combined injury, impact site on scalp, radiologic finding inclusive of skull fracture), which were reflected on GCS as an early prognosticator and GOS as a late one. Initially, the correlation was analyzed among seven clinical variables using univariate and multivariate analyses. The chi square test was used for the univariate analysis and logistic regression model was used for the multivariate analysis. *p*-values less than 0.05 were considered as statistically significant for all measures.

Classification of variable
--------------------------

All patients had CT study performed on admission and, in selected cases, MR imaging studies were done to characterize several variables involved in TBSI with special reference to correlation among various parameters on patients\' prognosis. Arbitrarily, the clinical parameters were classified as two categories. The first was demographic one such as age and gender. The second was five injury parameters which were mode of injury (high speed, traffic injury and low speed, non-traffic injury), presence of combined injury, impact site on scalp (supratentorial and infratentorial), presence of skull fracture, and lastly the radiologic findings which showed three kinds of pattern : traumatic subarachnoid hemorrhage (TSAH) alone around interpedunculo-ambient cistern (Type 1) ([Fig. 1](#F1){ref-type="fig"}), TSAH with TBSI as a form of diffuse axonal injury (Type 2)([Fig. 2](#F2){ref-type="fig"}), Type 2 injury associated with supratentorial mass lesions (Type 3). The resultant outcome was conveniently evaluated with two categories; the first was GCS as an early prognosticator and the second was GOS as a late one at the 6 months after trauma.

RESULTS
=======

Age and gender
--------------

The age distribution of the 136 TBSI cases showed 96 male (71%) and 40 female (29%), where their mean age was 43.9±21.9 years (range 4-89 years). There was only weak impact of age on GCS by univariate analysis (*p*\<0.054) ([Table 3](#T3){ref-type="table"}).

Mode of injury vs. combined injury
----------------------------------

The mode of injury had a significant effect on combined injury, where the high speed, traffic accident had a definite impact on combined injury pattern, compared with low speed, non-traffic accident (*p*\<0.001) ([Table 1](#T1){ref-type="table"}).

Impact site on scalp
--------------------

This was mainly assessed from the history and injuries on the scalp, skull, and brain shown on radiologic findings. When we analyzed the effect of scalp impact on brain stem, only two kinds of impact site (supratentorial and infratentorial portion) was selected, because it was considered convenient and easy to evaluate the results of impact shown on radiologic findings. In view of scalp impact, there was a preponderance of supratentorial impact (107 cases, 79%), compared with infratentorial one (29 cases, 21%) ([Table 1](#T1){ref-type="table"}).

Skull fracture vs. radiologic finding
-------------------------------------

As expected, the skull fracture had a strong impact on radiologic findings (*p*\<0.000) ([Table 2](#T2){ref-type="table"}). But, no specific correlations were revealed in case of mode of injury and impact site (*p*\<1.000 and 0.417) ([Table 2](#T2){ref-type="table"}).

Glasgow Coma Score vs. other variables
--------------------------------------

In univariate analysis, the variables such as radiologic findings (*p*\<0.000), mode of injury (*p*\<0.002), impact site on scalp (*p*\<0.052), age (0.054), and skull fracture (*p*\<0.057) had various impact on GCS score, in order of statistical significance ([Table 3](#T3){ref-type="table"}). The radiologic findings only showed strong correlation to GOS (*p*\<0.001) ([Table 4](#T4){ref-type="table"}). In multivariate analysis, the individual variables to enhance the unfavorable effect on GCS are radiologic findings \[odds ratio (OR) 7.327, 95% confidence interval (CI)\], mode of injury (non-traffic injury, OR : 4.499, 95% CI), and age below 60 (OR : 3141) ([Table 5](#T5){ref-type="table"}).

Glasgow outcome score vs. other variables
-----------------------------------------

In univariate analysis, the radiologic findings only showed strong causal relationship to GOS as late stage prognosticator (*p*\<0.000) ([Table 4](#T4){ref-type="table"}). In multivariate analysis, the parameters to cause worse impact on GOS as a late stage prognosticator were radiologic findings (OR : 25.420, 95% CI), age (OR : 2.674, 95% CI).

DISCUSSION
==========

Pathomechanism of TBSI
----------------------

Nervous and/or vascular compression against the tentorial notch mostly occurs at its lateral portion due to the shortest distance to the brain stem and near the level of pontomesencephalic junction. These lesions are considered to result from the shearing mechanism in and around the brain stem very close to the tentorial edge. For example, an injury of lower brain stem could be caused by hyperextension of the cervical vertebrae or reciprocal actions of fracture of the clivus and the direct effect on the brain stem by acceleration or rotational forces[@B26]. According to TBSI case reports to date, the frequent site of hemorrhage or contusion site is confined to dorsal side of midbrain[@B23], cranial nerves[@B16], whole brain stem[@B26], cerebellum[@B22], combined with upper cervical spinal injuries, clinically presenting as hemiparesis[@B27]. In terms of cranial impact site, literature reviews addressed there is an association between occipital blows and primary cerebellar and brain stem lesions[@B6],[@B37]. But, another supportive review showed a preponderance of occipital impacts among the cases with primary brain stem lesions which were associated with cerebellar contusion, laceration, and hemorrhage. This clinical evidence was well verified in animal study using fluid percussion injury model under the hypothesis that the cerebellum is susceptible to selective Purkinje cell loss as well as white matter dysfunction[@B22]. In addition to that, all impacts to the neck, although few in numbers, was known to give primary brain stem lesions[@B7].

Neuropathology of TBSI
----------------------

Until Adams et al.[@B1] addressed diffuse brain damage of immediate impact type which strongly correlates DAI to focal lesions in dorsolateral quadrant of the brain stem, there had been so much controversy regarding the existence of primary brain stem injury in isolation without any other pathology in blunt head injury[@B19]. The classical DAI typically occurs after head impact and render the victims unconscious at the moment of impact. The DAI is the exact pathological basis, presenting together with or without hemorrhage extending into ventricle, basal ganglia, corpus callosum, and subarachnoid space which are presumably caused by diffuse shearing injury. Generally, the traumatic lesions of the brain stem are classified into two types : primarily, it is caused at the time of impact, and secondarily, associated with supratentorial mass lesions[@B13], and they could be differentiated from secondary brain stem lesions because they are usually observed on the dorsal side of the midbrain. In other words, the primary damage to the brain stem occurs mostly in the tegmentum of brain, more frequently than those lesions in cerebral peduncles or basis pontis. They supposedly result from shearing strains at the craniocervical junction due to fixation by the edge of the tentorium and odontoid peg which played any part on medulla[@B7]. Also, it is asserted that the brain stem, hypothalamus and subthalamus be almost always examined for shearing of nerve fibers and small vessels to produce infarcts and hemorrhages[@B6], playing an important role in survival and posttraumatic long-term sequelae[@B29], because the mortality rate for secondary TBSI was two to three times greater than for those with transtentorial hematoma alone due to cranial injuries[@B8].

The TBSI, due to initial trauma of the head, is distinguished from secondary brain stem lesions due to shift and distortion of the brain stem by raised intracranial pressure after injury. Significantly higher incidence of hematoma is in the hemorrhagic cases and the commonest site of hemorrhage is either pons alone or in association with midbrain, thalamus and hypothalamus[@B32]. Secondary midbrain lesions are paramedian- often bilateral hemorrhage or necrosis in a distorted midbrain. Whereas, primary lesions are present in an undistorted brain stem and they are lateral, tegmental, and often unilateral microhemorrhages. Another interesting pathology frequently occuring in the supratentorial area is hemispheric injury either in the form of supratentorial or hypothalamo-pituitary area, where the latter type of injury has no correlationship to site of cranial impact[@B29]. Andrews et al.[@B3] reported no patient with frontal or parieto-occipital hematoma had clinical signs of transtentorial herniation at admission or subsequently, whereas those with temporal or temporo-parietal lesions had signs of herniation, and no patient with temporal or temporo-parietal hematoma smaller than 30 cc had signs of transtentorial herniation, and appear to be at greater risk of brain stem compression. Therefore, the presence or absence of hematoma affects a great impact on the prognosis, simply causing direct contusion on brain stem and/or secondary herniation into brain stem. Lastly, in dealing with brain stem injury from basal skull fracture and road traffic accident, we must concentrate on the possibility of combined injury on hypothalamic injury[@B29]. In terms of skull fracture, cortical laceration and contusion in the cases with primary brain stem lesions, there was no significant difference in the distribution of fractures, but there were more fractures at middle cranial fossa and a preponderance of cerebellar and a less convincing excess of occipital and corpus callosum lesions in patients with primary brain stem lesions[@B7].

Diagnostic methods in TBSI
--------------------------

Before CT era, midbrain damage as a major DAI site, could be only and easily determined by autopsy, volumetric proton study[@B5], and/or evoked potential study[@B30]. The prognosis of patient is dependent on the severity and site of head injury incurred. After CT era, due to its ability to demonstrate the nature, sites, and multiplicity of traumatic brain injury, CT is now the primary diagnostic method for head injury. It is also very useful to elucidate classical DAI and posterior fossa lesions based on direct and indirect signs which include focal hemorrhage, significant contrast enhancement, hemorrhagic contusion, and edema of brain stem[@B33], appearing as areas of high-, mixed-, and low density on the scan. Indirect signs are obliteration of the pontine, cerebello-pontine angle, and perimesencephalic cisterns. Therefore, many cases of TBSI as an indirect evidence were reported where the hematoma were localized along tentorium[@B20], for which Kim et al.[@B17] proposed supratentorial impact site as mostly occipital region, midbrain tegmentum[@B4],[@B24], interpedunculo-ambient cisterns[@B14],[@B21],[@B36], cisterna magna[@B18], and cerebellum[@B22] with or without supratentorial abnormalities. There were many DAI-compatible cases not detected even with CT whose clinical severity could not be evaluated in acute stage. Instead, MRI provides a more sophisticated display of brain stem with improved contrast resolution of structures not appreciated on CT. Therefore, acute stage MRI is used in place of CT or added to CT, because of some limitation of CT in detecting, localizing, and characterizing diffuse injury and posterior fossa lesions[@B5]; for example, in differentiating between two patterns of TBSI such as ventral or dorsal location[@B28]. Additionally, MRI is more helpful than CT in detecting non-hemorrhagic lesions, cortical contusions, diffuse axonal injury such as supratentorial injury in corpus callosum, and even in normal CT finding when neurological condition could not be explained[@B11],[@B12],[@B15],[@B21],[@B36]. Nowadays, electrophysiological study could be added as a more powerful prognostic tool[@B34].

Prognosis of TBSI
-----------------

From a prognostic model study for TBSI, age, skull fracture and superimposed mass lesion are the most prognostic factors among the large number of variable tested, where age is the most reliable prognostic variable available at the time of admission. The gender of patient, previous history of hypertension, diabetes mellitus, or alcoholism may also influence the prognosis[@B31]. In pediatric cases, the frequency and distribution of TBSI are similar to those of adults[@B35], but the skull fracture is associated with reduced death rate in the younger age group due to dissipated kinetic energy in fracturing the skull, and outcome did not correlate with significantly with morphological patterns of injury or the presence of extracranial injuries[@B8]. Generally, poor prognosis is a common feature following severe traumatic brain injury, especially more common in those with TBSI. However, many cases of TBSI following closed head injury were verified and have been increasingly reported with good outcome, especially in those with a single brain stem lesion. TBSI is no more an absolute indicator of poor outcome, because the relationship between TBSI and outcome is still unclear and the types of TBSI are still poorly understood. Therefore, the understanding of anatomy and extent of TBSI, as well as its relationship to supratentorial abnormalities is strongly recommended to estimate actual outcome. The first hypothesis is an anatomical variation in tentorial apertures and their relationship to adjacent structures such as midbrain, cerebellum, and oculomotor nerve which may influence the degree of brain stem distortion in case of acceleration-deceleration injuries[@B2],[@B25]. The second hypothesis is that TBSI may occur alone or in association with other cranial injuries. Head injury carries a much graver prognosis when brain stem is involved[@B33]. Since severe head injury is often characterized by injury to several sites, both intra-and extra-axial, there may be no clear-cut clinical evidence of a specific brain stem lesion. The most significant lesion may not be suspected until the patient fails to exhibit normal signs of recovery or it may be an unexpected autopsy findings[@B33]. Relating the location of the lesions and outcome, the death appeared to be closely linked to the phenomenon of bilateral pontine lesions, especially if bilateral upper pontine lesions are involved. The extent of supratentorial lesions had no bearing on survival in the absence of brain stem lesions[@B10].

CONCLUSION
==========

The radiologic finding (Type 2 and 3 injury pattern), mode of injury (traffic accident), and age (≥60 yr) were revealed to cause an unfavorable effect on GCS . But, in case of GOS, the radiologic finding and age showed an unfavorable influence. Among them, the radiological finding showed the most strong effect on both of them. Therefore, in cases with TBSI, it is strongly suggested that not only the radiologic finding be assessed carefully as the most important prognosticator but age of victims and mode of injury be evaluated simultaneously as another unfavorable factors.
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Relationship of mode of injury to risk variables
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TA : traffic accident, TSAH : traumatic subarachnoid hemorrhage, TICH : traumatic intracerebral hemorrhage, Others : supratentorial mass lesion
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The relationship of skull fracture to risk variable
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TSAH : traumatic subarachnoid hemorrhage, TICH : traumatic intracerebral hemorrhage, Others : supratentorial mass lesion, TA : traffic accident
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The relationship between GCS and possible risk variables
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GCS : Glasgow Coma Score, TSAH : traumatic subarachnoid hemorrhage, TICH : traumatic intracerebral hemorrhage, Others : supratentorial mass lesion, TA : traffic accident
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The relationship between GOS and possible risk variables
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GOS : Glasgow Outcome Score, TSAH : traumatic subarachnoid hemorrhage, TICH : traumatic intracerebral hemorrhage, Others : supratentorial mass lesion, TA : traffic accident
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The results of logistic regression by risk variable on TBSI patients\' outcome
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OR : odds ratio, CI : confidence interval, GCS : Glasgow Coma Score, GOS : Glasgow Outcome Score, TBSI : traumatic brain stem injury, TSAH : traumatic subarachnoid hemorrhage, TA : traffic accident
